The purpose of the Monte Carlo simulation study was to provide the optimized nozzle design to satisfy the beam conditions for biomedical researches in the Korean heavy-ion accelerator, RAON. The nozzle design was required to produce C 12 beam satisfying the three conditions; the maximum field size, the dose uniformity and the beam contamination. We employed the GEANT4 toolkit in Monte Carlo simulation to optimize the nozzle design. The beams for biomedical researches were required that the maximum field size should be more than 15×15 cm 2 , the dose uniformity was to be less than 3% and the level of beam contamination due to the scattered radiation from collimation systems was less than 5% of total dose. For the field size, we optimized the tilting angle of the circularly rotating beam controlled by a pair of dipole magnets at the most upstream of the user beam line unit and the thickness of the scatter plate located downstream of the dipole magnets. The values of beam scanning angle and the thickness of the scatter plate could be successfully optimized to be 0. o to beam axis, the dose uniformity could be established to be 1.1% in 15×15 cm 2 sized maximum field. For the beam contamination, it was determined by the ratio of the absorbed doses delivered by C 12 ion and other particles. The level of the beam contamination could be achieved to be less than 2.5% of total dose in the region from 5 cm to 17 cm water equivalent depth in the combined beam configuration. Based on the results, we could establish the optimized nozzle design satisfying the beam conditions which were required for biomedical researches.
Introduction
In the Spring 2008, the team of International Science and Business Belt (ISBB) 1) was formally organized by the Ministry of Education, Science and Technology, has been examined a validity of Institute for Basic Science (IBS) 2) and the heavyion accelerator for 1 year. As Korean heavy-ion accelerator of the ISBB in Korea, the construction of the rare isotope science was approved in 2009. 3) Korean heavy-ion accelerator is a particle accelerator of which primary purpose is to elucidate the nuclear force properties in strong interaction to explore the interaction between nucleons forming the nucleus of rare isotopes from basic nuclear physics. In addition, we are able to apply the research to the biomedical science.
As the biomedical researches and experimentations are the one of the major applications of Korean heavy-ion accelerator, it is necessary to construct the beam line to provide a suitable beam. Furthermore, it is necessary to study the beam delivery technique capable of treatment of cancer which is the final aim of the biomedical research project using heavy ions in the best way. As the depth dose distribution of the heavy-ion beam in materials presents as the typical form of the Bragg peak, the heavy-ion therapy has the dosimetric benefit in comparison with the dose distribution of conventional x-ray beam. 4) Even, the carbon ion beam has the biological benefit which is measured to be 2∼3 of RBE (Relative biological Effectiveness) in the SOBP (Spread Out Bragg Peak) region. 5, 6) The name of the Korean heavy-ion accelerator is called RAON, it is expressed a word meaning "happy" or "joyful".
7)
The Korean heavy-ion accelerator is based on LINAC. 4 
Experiments and Discussion
The previous nozzle design with double scattering mode of beam delivery has been commonly utilized in particle therapy process, the weights of the static and rotating beam could be determined. Here, the limit of tilting angel was set to 0.6 degree for a practical reason.
As variable parameters in optimizing processes, we could define the material composition, the thickness, the position of the scatter plate and the tilting angle of scanning beam in Monte Carlo geometry configuration using the GEAN4 toolkit. 10,11) The beams for biomedical researches were required that the field size should be more than 15×15 cm 2 , the dose uniformity is to be less than 3% and the level of beam contamination due to the scattered radiation produced at collimation systems was less than 5% of total dose. Varying from 0 to 1 mm of scatter plate thickness by 0.1 mm step, the FWHMs of dose profiles at the water surface were obtained to analysis the dependency of the scatter plate thickness. The initial beam radius at the source position was configured to be 2.5 mm without no tilting angle. The Fig. 2 showed the cross sectional dose distribution by changing the To minimize the inhomogeneity, the weights of the static and the wobbling beam were optimized. This combinational semi-wobbling technique was described in Fig. 4c . As the profiles of the static beam and the wobbling beam were shown in Fig. 4a and b, the dose distribution combined with optimal beam weights was shown in Fig. 4d in which the uniformity was calculated to be 1.1% For this dose uniformity analysis, 3500 million histories of carbon events were generated for each sub-beam. Using the normalized dose profiles, we figured out 8 times more carbon events were necessary for the rotating beam. in water phantom, and the SOBP was maximally extended by using the weighting function. The weight functions of C 12 ion beams were verified by normalizing to the SOBP as shown in Fig. 6 . The particle identifications at the water surface were acquired. The dose from other particles was divided by dose from C 12 ions to obtain the beam contamination level. Fig. 7 showed that the minimum contamination value of C 12 beam
and maximum contamination value of C 12 beam were about 0.4% and 5.6%.
Conclusion
In order to find the optimized beam nozzle configuration, the Monte Carlo simulation was performed using the GEANT 
